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EFFECTS  OF WING LEADING-EDGE CAMBER AND TIP MODIFICATIONS 

ON THE AERODYNAMIC CHARACTERISTICS OF A 1/20-SCALE"". 

MODEL OF THE CONVAIR F-102 AlRPLANE AT TRANSONIC SPEEDS 

By Kenneth E.  Tempelmeyer and  Robert S. Osborne 

SUMMARY 

The ef fec ts  of several w i n g  leading-edge camber and deflected-tip 
modifications on the  force and moment character is t ics  of a 1/20-scale 
model  of the Convair F-102 airplane have been  determined a t  Mach numbers 
from 0.60 t o  1.14 for  angles of attack up t o  14O i n  the Langley 8-foot 
transonic  tunnel. The e f f ec t s  of elevator  deflections from 0' t o  -10' 
were also obtained  for a configuration  incorporating  favorable  leading- 
edge and t i p  modifications. 

Leading-edge modifications which had a small amount of constant- 
chord camber obtained by vertically  adjusting  the  thickness  distribution 
over the  forward (3.9 percent of the mean aerodynamic chord)  portion of 
the wing were ineffective  in  reducing  the  drag  at  lifting  conditions at 
transonic  speeds. Leading  edges with  relatively  large cambers designed 
to  support   nearly  ell iptical  span  load  distributions  at l i f t  coefficients 
of 0.15 and 0.22 near a Mach  number  of 1.0 produced substantial  reductions 
i n  drag a t  most l i f t  coefficients.  Their  effectiveness was indicated by 
a 16- t o  25-percent  increase i n   t h e  maximum l i f t -d rag   r a t io   a s  compared 
with  the  basic  configuration. A small portion of tkie drag  reduction and 
a ?-percent  increase of the maximum l i f t -drag   ra t io  were due to  the  exten- 
sion of the leading edge required  for   instal la t ion of these  types of cam- 
ber.  Deflecting  the  wing-tip  trailing edge outboard of 82 percent  of  the 
semispan upward approximately 10' about  the  elevator  hinge  line  extended 
had a favorable  effect on the t r i m  drag. Large reductions  in  drag due t o  
l i f t  and drag due t o  trim were indicated  for a modified wing configuration 
with  leading edges cambered t o  support a nea r ly   e l l i p t i ca l  span  load  dis- 
t r ibut ion a t  a l i f t  coefficient of 0.15 near a Mach  number of 1.0 i n  con- 
junction  with  t ips  deflected upward loo. Leading-edge  and t i p  modifica- 
t ion,   in   general ,  had l i t t l e  e f f ec t  on the l i f t   c h a r a c t e r i s t i c s  of the 
basic  configuration. Chordwise fences which essent ia l ly  eliminated pitch- 
up tendencies on a plane e on some of the cam- 
bered wings. 
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INTRODUCTION 
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A t  the  request of the U. S. Air Force, 
made i n   t h e  Langley 8-foot  transonic  tunnel 
control, and performance character is t ics  of 
Convair F-102 airplane.  The resu l t s  of the 

an 
t o  

.. 

investigation has been 
determine  the stability, 

a l/eO-scale model of the 
i n i t i a l  tests (refs .  1 and 2)  

- _  

indicated  the  original  configuration had high  transonic  drag a t  zero l i f t ,  
high  drag due t o  l i f t ,  and  high  drag due t o  trim. It was  apparent  that, 
i n  order  to improve the medium- and high-altitude performance of the con- 
figuration, all three should  be  appreciably  reduced. Body modifications 
based upon the  area-rule  concept and designed t o  reduce  the  transonic 
zero- l i f t  drag of the original  configuration have been tested,  and the 
results  are  reported  in  reference 3 .  

The present   tes ts  were conducted t o  determine the aerodynamic e f fec ts  
.~ of several cambered wing leading edges  designed t o  reduce  the  drag due t o  

l i f t  and of several  wing-tip  modifications  designed  to  reduce  the  drag 
due t o  trim. Reported  herein  are  the  force and moment character is t ics  of 
the  configurations  tested  for Mach numbers from 0.60 t o  1.14 and angles 
of attack up t o  14O. ALSO presented  are  the results of limited  elevator- 
def lect ion  tes ts   for  a modified  configuration employing both  leading-edge 
and tip  modifications. 

SYMBOLS 

A 

53 

b 

C 
Dm 

C 
D I  

cD 

DO 

"r 

C 

C 

aspect   ra t io  

duct  exit   area,   sq f t  

wing span, in .  

measured drag  coefficient  adjusted  to  free-stream  static 
pressure a t  model base, 

internal  drag  coefficient,  DI/qs 

external  drag  coefficient, CDm - CDI 

external  drag  coefficient  at  zero l i f t  

trimmed external  drag  coefficient 
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I 
i ND rf' 
i i. cL 

E 

Dm 

DI 

K 

L 

(LID),, 

M 

Mcg 

m 

mO 

external drag coefficient wi%h 0' elevator  sett ing 

trim drag  reduction 

l i f t  coefficient,  L / ~ S  

l i f t   c o e f f i c i e n t   f o r  maximum l i f t -d rag   r a t io  

lift-curve  slope  per  degree  averaged from CL = 0 over 
l inear  portion of the  curve 

pitching-moment coefficient,  Mcg/qSS 

s ta t ic   longi tudina l   s tab i l i ty  parameter 

elevator-effectiveness  parameter a t  constant l i f t  
coefficient 

w i n g  mean aerodynamic chord, i n .  

measured drag  adjusted to  free-stream  static  pressure 
a t  the model base, l b  

in te rna l  drag, m (v0 - 'E) - *E(@ - Po), Ib 

drag-due-to-lift  factor, & D / & L ~  

l i f t ,  l b  

maximum l i f t -d rag   r a t io  

free-stream Mach  number 

pitching moment about center-of-gravity  location a t  
0.275E and 0 . 0 3 6 ~  above wing-chord plane,  in-lb 

mass flow through inlets,   slugs/sec 

mass flow i n  free-stream tube of area  equal  to  projected 
. in le t   a rea  a t  a = oO, slugs/sec 

inlet mass-flow r a t i o  - 
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'E 

PO 

Q 

S 

vE 

VO 

U 

it 
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static pressure at duct  exit,"-lb/sq f t  

free-stream  static  pressure,  lb/sq f t  

free-stream dynamic pressure,  lb/sq f t  
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wing area  including area i n  fuselage,  sq f t  (See table I.) 

veloci ty   in   duct   exi t ,   f t /sec 

free-stream  velocity,  ft/sec 

angle of a t tack of basic wing-chord l i ne ,  deg 

wing-tip  setting,  negative when t r a i l i n g  edge is up,  deg 

elevator  deflection, measured at r ight   angles   to  hinge 
l i n e  and negative when t r a i l i n g  edge is  up,  deg 

APPARATUS AND METHODS 

Tunnel and Model Support System 

The tests were conducted i n   t h e  Langley 8-foot  transonic  tunnel which 
is  a s t a l e - r e t u r n  wind tunnel  with a dodecagonal slotted  throat  permitt ing 
continuous  operation  through  the  speed of sound. The tunnel  operates a t  
approximately  atmospheric  stagnation  pressures.  Details of tes t   sec t ion  
design and flow  uniformity  can be found in   reference 4. 

The model w a s  attached  (through an internal  strain-gage  balance)  to 
a sting  support which was cyl indrical   for  3 .2  base  diameters downstream 
of the model base. The sting  support was f ixed  axial ly   in   the  center  of 
the  tunnel by two sets of s t ruts   project ing from the  tunnel  walls. By 
employing angled couplings i n  the  sting,  the model posit ion was maintained 
close  to  the  tunnel axis a t  all angles of attack. 

Model 

Basic  configuration.- The 1/20-scale model used i n  this   invest igat ion 
was supplied by the  contractor. Geometric character is t ics  of the  basic 
configuration  are  presented  in  f igure 1 and tab le  11. The axial variation 
of  cross-sectional area of  the model i s  available  in  reference 3 .  
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The basic model had a ' d e l t a  wing with 600 sweptback leading  edges, 
5' sweptforward t r a i l i n g  edges, and NACA 0004-65 (modified)  streamwise 
airfoi l   sect ions  (see  ref .  1). The wing was constructed with a t i n -  
bismuth surface formed over  a s teel   core  and had duralumin leading edges 
and s t e e l   t i p s  that were removable. Chordwise fences  (described i n   r e f .  1) 
were located a t   t h e  66-percent w i n g  semispan s ta t ion .  (See f i g  . 1. The 
ver t ica l  t a i l  had the same plan form and a i r fo i l   sec t ions  as the w i n g  
semispan. Longitudinal  control was provided by wing trailing-edge flaps 
deflected  about a hinge line  perpendicular  to the model center  l ine.  The 
t o t a l  flap area  rearward of the hinge l i ne  w a s  10.2  percent of t h e   t o t a l  
w i n g  area, and the gap ahead of the  hinge  line was sealed. 

The fuselage was equipped w i t h  twin  ram-jet i n l e t s  and in te rna l  
ducting which allowed air flow from the model base. In order to   insure  
that   the  air flow would not be c r i t i c a l  a t  the j e t  exit with t he   s t i ng   i n  
place,  the  fuselage  boattail  angle was decreased and the  base  diameter 
increased 0.3 inch  as compared with  an  exact  1/20-scale model. Also it 
should be noted that, as a resu l t  of modifications  to the ful l -scale  air- 
plane  after  the model had been constructed,  the model tested  contained 
several compromises wi th  respect  to an  exact  1/20-scale model. (See r e f .  3 .  ) 

W i n g  leading-edge  modifications.- Dimensional de ta i l s  of the wing plan 
forms incorporating  the  various  leading edges are   given  in   f igure 2  and 
table  I. S i r e w i s e   a i r f o i l   s e c t i o n s  of the  leading-edge  modifications 
and the  basic  leading edge are  compared a t   t h ree  wing'semispan s ta t ions  
in   f igure  2. The rear camber l ines  noted  in  f igure 2 separate  the cambered 
from the uncambered portions of the wing. The type of chordwise  fence 
employed with these  various  modifications i s  l i s t e d   i n  table I. 

hading-edge  modifications 1, 2, and 3 were developed from low-speed 
t e s t s  by the  contractor,  required no change i n  the basic-wing  plan form, 
and made use of the removable anti-icing leading-edge  section.  Modifica- 
t i on  1 had a constant-chord camber from the  wing-fuselage  juncture t o   t h e  
82-percent wing-semispan s ta t ion  which was obtained by sliding  the  thick- 
ness  distribution of the removable leading edge (the  forward 0.535 in .  of 
the model streamwise a i r fo i l   sec t ion  and 0.039E) ver t i ca l ly   un t i l  i t s  lower 
surface was para l le l   to   the   bas ic  chord l i ne .  The basic  leading-edge  radius 
was retained. 

Modification 2  had one-half the leading-edge droop a t  15.21  percent 
of the semispan and the same droop at 60 percent of the semispan as modi- 
f ica t ion  1 had; a l inear   dis t r ibut ion of droop through these two points 
continued t o  82 percent of the semispan. The thickness  distribution was 
adjusted  vertically  to  give a s t ra ight- l ine lower surface  over  the cam- 
bered  (forward 0.535 in . )   por t ion of the w i n g .  

Modification 3 had the same camber as modification 2 and had the 
lower  surface  built up to   increase the leading-edge radius on the  order 
of 50 percent. - 
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Leading-edge modifications 4, 7, and 6 were designed by using the ;,$, 
theoretical  considerations  presented  in  reference 5 based on l inearized 
lifting-surface  theory. These modifications  required  extending  the  leading :-i 
edge of the  basic-wing  plan form with no change i n  primary w i n g  structure.  II. 

Modification 4 had conical  caber  extending from the roo t   t o   t he   t i p  

' ).. ', 

r ,  

with a parabolic spanwise mean l ine  over the outboard 10 percent of the 
local  semispan. The amount of leading-edge droop was equal   to  the theo- 
r e t i c a l  value  required  to  support a near ly   e l l ip t ica l  spanwise load dis- 
t r ibut ion a t  a l i f t  coefficient of 0.22 near a Mach  number of 1.0. The 
thickness  distribution w a s  obtained by l inearly  stretching  the wing nose 
section from the rear  camber l ine  to   the new leading edge. 

Modification 5 had a constant  chord-extension w i t h  the same  amount of 
leading-edge droop as required by theory  for a design l i f t  coefficient of 
0.15 near a Mach  number of 1.0. The leading-edge camber extended from the 
root t o  the t i p  and w a s  obtained from a parabolic chordwise mean l ine,   the  
apex of the parabola  being 0.535 inch  rearward of the  basic  leading edge. 
The thickness  distribution w a s  obtained by l inear ly   s t re tching  the forward 
0.535 inch of the  basic streamwise a i r fo i l   sec t ion   to   the  new leading edge. 

Modification 5a had the same plan form and thickness  distribution as 
modifications 5 and 6 but was uncambered. It was tes ted   to   i so la te   the  
effects  of plan-form change from the effects  of camber. 

Modification 6 had the same plan form and thickness  distribution as 
modification 5. It had conical camber extending from the  root   to   the  t ip ,  
a parabolic  distribution of the camber over the  outboard  6.37-percent  local 
semispan, and had the amount of leading-edge droop required f o r  a design 
l i f t   coe f f i c i en t  of 0.15 a t  a Mach  number near 1.0. 

Wing-tip modifications.- The wing-tip  modifications  (see  fig. 3 and 
table I) extended from the 82- to   t he  100-percent semispan stations and 
were selected on the basis of low-speed model tests by the  contractor. 
These t i p  modifications were tested  with the basic  leading edges applied 
from the  root   to  the 82-percent-semispan s ta t ion.  

Modification A had the same leading-edge camber as modification 2 
but  the camber was applied from the 82-percent-semispan s ta t ion   to   the  
t i p .  The trailing edge of t h e   t i p  was deflected up a t  angles of Oo, 5 O ,  
go, and 15' about the elevator  hinge  line  extended. The portion of the 
wing deflected comprised 1.5 percent of the t o t a l  basic-wing  area. 

Modification B had plain  basic  leading  edges. The en t i r e   t i p ,  which 
w a s  3 percent of t h e   t o t a l  basic-wing area, w a s  rotated about  the  50-percent' 
local-chord  station a t  82  percent of the semispan t o  7 . 5 O  negative  incidence 
w i t h  respect t o  the basic  chord  line. 
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Additional  details  concerning  the  leading-edge and t i p  modifications 
are  available  in  reference 6. 

Modified wing configuration.- The modified wing had the same leading- 
edge camber as modification 6 and the   t ra i l ing  edge of t h e   t i p  was 
deflected up loo about  the  elevator  hinge  line  extended. The chor&ise 
fences were extended to   the  wing leading  edge. 

Measurements and Accuracy 

Normal force,   axial   force,  and pitching moment were measured with 
an internal  strain-gage  balance. The pitching moment  was measured about 
a center-of-gravity  location  at 27.5 percent of the mean aerodynamic chord 
and 3.6 percent of the mean aerodynamic chord above the wing-chord plane 
on the  basic model. These data were reduced t o  l i f t ,  drag, and pitching- 
moment coefficients based on the  actual wing area and mean aerodynamic 
chord of the  individual  configuration  (see  table I) and the above center- 
of-gravity  location. The force and moment coeff ic ients   for  a l l  configu- 
rations  are  estimated t o  be accurate  within  the  following limits up t o  
a l i f t   c o e f f i c i e n t  of a t   l e a s t  0.4: 
cL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . to.005 

Mass flow  through  the  ducts and internal  drag were determined from 
total-pressure and static-pressure measurements obtained  with a survey 
rake  located a t  the model base. The accuracy of the  internal  drag  coef- 
f i c i en t s  was estimated  to be within 0.001. 

The angle of attack was determined to   w i th in  O.l5O from a pendulum 
inclinometer  located i n   t h e  support  sting and a calibration of sting and 
balance  deflection with respect  to model load. The elevator  control 
deflections  are  estimated  to be accurate  within 0.2'. 

The  Mach  number  was determined to  within 0.003 from a cal ibrat ion 
wi th   respec t   to   t es t  chamber pressure. 

Tests 

All configurations were tested  with  the  ducts open. The  Mach numbers 
ranged from 0.60 t o  1.14. The angle of attack  for  the  basic  configuration 
varie.d from 0' t o  about loo and for  the  configurations  with  the  various 
leading-edge  and t i p  modifications from the  angle  Of!zero l i f t  t o  approx- 
imately 11'. Internal-flow  characteristics were measured for   the  basic  
configuration only a t  angles of attack from 0' t o  9'. 
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,The  modified w i n g  config.uration was tested with  elevator  deflections . 
of Oo, -5O, and -loo a t  angles of attack from the.  angle of zero l i f t  up 
t o  1 4 O .  

A range of test Reynolds numbers based on the mean aerodynamic chords 
' of the  various wing plan forms (see  table I) is  shown i n  figure 4. The 

average Reynolds number was of the  order of 4.4 x 10 . 6 

Corrections 

The s lo t t ed   t e s t   s ec t ion  minimizes  boundary interference  at  subsonic 
speeds, and no corrections  for this interference have been applied. 

The e f fec ts  of supersonic  boundary-reflected  disturbances were reduced 
by tes t ing  the model a few inches  off  the tunnel center  l ine.  These dis- 
turbances were too weak t o  have any appreciable  effect a t  a Mach  number 
of 1.025 and  had moved downstream from the model a t  a Mach  number of 1.14. 
However, the  reflected  disturbances  probably  caused small e r ro r s   i n   t he  
drag and pitching-mment measurements a t  a Mach  number of 1.075. These 
errors have been  minimized by fairing  the  data  plotted  against  Mach  num- 
ber and it is  believed that the  trends shown by these  faired  data  are  free 
of boundary-reflected  disturbances. 

No sting-interference  corrections have been applied t o  these  data. 
The sting  effects  should be small, however, because the flow from the 
internal  ducting  system  surrounds  the  sting when it i s  discharged at the 
model base. 

As previously  noted,  the model tes ted was not  an  exact  scale model 
repl ica  of the prototype  airplane. (See r e f .  3.) This model deviation 
would affect   the  magnitude of the  transonic  drag  but  should have l i t t l e  
e f fec t  on the  other aerodynamic characterist ics.  An estimate of the 
e r ro r   i n  drag due to '   the  model deviation was obtained by the method pre- 
sented in   reference 7 and is  shown for  the  basic  configuration  in  f igure 5. 
The va l id i ty  of this   correct ion has been substantiated by comparison with 
f l i g h t   t e s t  data fo r   t he  Convair F-102 airplane  (ref.  8) .  Although this 
i s  an  estimate of the   e r ror   in  minimum drag  (near  zero l i f t ) ,  it is prob- 
ably  val id   for  low l i f t ing  condi t ions  a lso.  T h i s  correction  has  not been 
appl ied  to  the data  herein. 

RESULTS AND DISCUSSION 

The l i f t  coeff ic ients   required  for   level   f l ight  have been calculated 
for   the  Convair F-102 airplane  with a combat  wing loading of 35.4 pounds 
per  square  foot a t  a l t i tudes  from sea  level   to  60,000 f e e t  and are  pre- 
sented  in   f igure 6. 



The resu l t s  of this  investigation  are  presented  in  the  following 
figures : 

Internal flow characterist ics:  

Force and moment characterist ics:  
Mass-flow ra t ios  and internal  drag  coefficients . . . . . .  
Effects of leading-edge  modifications . . . . . . . . . . .  
Effects of t i p  modifications . . . . . . . . . . . . . . . .  
Effects of elevator  deflection . . . . . . . . . . . . . . .  
Effects of leading-edge  modifications . . . . . . . . . . .  
Effects of t i p  modifications . . . . . . . . . . . . . . . .  
Effects of elevator  deflection . . . . . . . . . . . . . . .  

Summary and analysis  figures: . 

9 

Figure 

. . .  7 

8 t o  10 . . 11 . . 12 

17 t o  21 

The drag  data  for a l l  configurations  used i n   t h e  summary and analy- 
sis p lo ts   ( f igs .  1-3 t o  19) have had the  internal  drag of the  configura- 
tion  with  basic  (plain)  leading edges and t i p s  and zero elevator  deflec- 
t ion  removed ( f i g .  7 ) .  It w a s  assumed that the wing modifications and 
elevator  deflections would have no ef fec t  on the  internal-flow  character- 
i s t i c s  of the model. 

In  order  to  present  the  data compactly, sl iding  scales have been 
used i n  many of the  figures and care  should be taken in   select ing  the 
zero axis of each  curve. Only a portion of the data has  been fa i red  i n  
order  to keep the  f igures  easily  readable.  

Effects of Leading-Edge Modifications 

The drag due t o  l i f t  of plane  delta w i n g s  i s  generally  considerably 
higher  than would be expected from theoretical  considerations  because of 
flow  separation  over  the  leading edge and the  attendant loss of leading- 
edge suction or th rus t .  As indicated  in  reference 9, it i s  possible   to  
reduce the  drag due t o   l i f t  of 60' del ta  wings fo r  Mach numbers  up t o  1.4 
by employing cambered leading edges  designed t o  produce e l l i p t i c a l  span- 
wise  load  distributions. The beneficial   effect  of camber is  associated 
with a reduction  in  leading-edge  separation and therefore  an  increase  in 
l i f t  and suction  forces  over  the  leading edge. In  addition,  leading-edge 
camber usually  produces  an  increase in  the  pitching moment a t  zero l i f t  
which r e s u l t s   i n  a decrease i n  out-of-trim  pitching moment and a reduc- 
t i on   i n   t r im  drag. 

Because of s imilar i ty  of type of camber, the  leading-edge  modifica- 
tions  presented  herein  are compared with  the  basic  leading-edge  configu- 
r a t i o n   i n  two groups. The e f fec ts  of  plan form are isolated from the 
e f fec ts  of camber i n  a th i rd  grouping. 
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Modifications 1, 2, and 3 . -  The analysis  plots of f igure 13 present * -  

the  trends  indicated  for  modifications 1, 2,  and 3 by a cross-hatched 
band. 

, ., 

Modifications 1, 2, and 3 generally  reduced the drag  coefficients 
of the model at l i f t  coefficients above about 0.1 but  increased  the drag 
a t  lower l i f t  coeff ic ients   ( f ig .  8 (a) ) . The magnitude  of the d r a g  reduc- 
t i on  was re la t ive ly  small, especially a t  Mach numbers above 0.9  (see 
f i g .   l 3 ( a ) ) .  All these camber modifications  increased the maximum l i f t -  
drag r a t io s  about 5 percent  over  the  speed range ( f ig .  l 3 ( b ) )  but had 
l i t t l e   e f f e c t  on the l i f t  coef f ic ien ts   a t  which the maximum l i f t -drag  
r a t io s  occurred. It is evident that these  modifications were re la t ive ly  
ineffective  in  reducing  the  drag  at   l if t ing  conditions  for  the Convair 
F-102 model in   the  t ransonic  range. The  amount of camber f o r  this type 
of leading edge w a s  considerably less than tha t  of reference 8 and, appar- 
ently,  was not  large enough t o   a l t e r   t h e  flow phenomena over  the  leading 
edge a t  transonic speeds appreciably. 

The e f fec ts  of modifications 1, 2, and 3 on the l i f t  character is t ics  
of the model were small and consisted  primarily of a &-percent  decrease 
in   the  average l i f t -curve  s lope  ( f ig .  l3( c)  ) . 

The pitching-moment curves a t  high subsonic Mach numbers indicated 
an  increase  in  stabil i ty  for  configurations with modifications 1, 2 ,  and 
3 at  l i f t   c o e f f i c i e n t s  above about 0.3 ( f ig .   8 (c ) ) .  It should be observed 
that  these cambers did not produce the  previously mentioned beneficial  
decrease in  out-of-trim  pitching moment. 

Modifications 4, 5 ,  and 6.- The l i f t -drag  polars  of f igures  g(a) 
indicated  that  modifications 4, 5 ,  and 6 produced substantial  reductions 
i n  drag coefficient a t  most l i f t ing  condi t ions  tes ted.  The expected 
increase  in   zero- l i f t  drag due t o  cambering the  leading edges was larger  
a t   subc r i t i ca l   t han  at transonic  speeds  (fig. 14( a )  ) . Notably,  modifica- 
t ions 5 and 6 actually  decreased the zero-lif t   drag a t  Mach numbers  above 
1.025. This decrease w a s  probably  the  result of the  plan-form change 
inherent  in  these  modifications which decreased the airfoil-section  thick- 
ness  ratio and wing aspect   ra t io  and, as w i l l  be shown i n  a subsequent 
section,  decreased  the  transonic  drag  rise. A t  a l i f t  coefficient of 0.2 
the  modifications  reduced  the  drag  coefficient  about 0.004 over the speed 
range. A t  a l i f t  coefficient of 0.4  the  reductions were much larger;  
modification 6, f o r  example, decreased  the  drag  coefficient  of  the model 
about 0.016 a t  a Mach  number of 0.90 and 0.010 a t  a Mach  number of 1.075. .. 

These data  also  indicated that the  effectiveness of the  modifications 
decreased with increasing Mach number. 

When the  individual  modifications of the  extended  leading-edge group 
(f igs .   9(a)  and 14(a)) are  compared, it is of in te res t   to   no te   tha t  modi- 
f icat ions 5 and 6 were designed for   the same l i f t  coefficient and Mach 
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number (hence,  the same physical  leading-edge  droop) and exhibited  nearly 
identical  drag  characteristics  although  the  parabolic camber l i n e  was 
streamwise i n  the former  case and spanwise in   the  la t ter .   Modif icat ion 4 
was designed fo r  a higher l i f t  coefficient,  and the  data  indicated that, 
w i t h  respect  to  modifications 5 and 6, the  l if t-drag  polar was rotated 
s l igh t ly  clockwise so  that the  drag was higher a t  low l i f t  coefficients 
and lower in  the  higher l i f t  range. It i s  s igni f icant   tha t  the favorable 
effects  of  these  leading-edge  modifications were obtained by cambering 
less  than  the  outboard 20 percent of the  local  semispan indicated  in   ref-  
erence 5 .  The leading-edge droop was effect ive with as l i t t l e  as the 
outboard 6.37 percent of the semispan cambered. 

This group of modifications  increased  the maximum l i f t -drag   ra t ios  
an  average of 25 percent a t  a Mach  number of 0.60 and 16 percent a t  a 
Mach  number of 1.075 ( f ig .  14(b)) .  The l i f t  coeff ic ient   for  maximum 
lift-drag r a t i o  was increased  approximately  0.05 by the  modifications. 

It was evident that these camber modifications were responsible  for 
sizable  reductions  in  the drag a t  lifting conditions.  Selecting  the optimum 
cambered leading edge was d i f f i cu l t ,  however, since no single modification 
had an overall  superiority.  Modification 6 was preferred by the  contractor 
because of a combination of aerodynamic and structural   considerations.  

All leading-edge  modifications i n  this group increased  the  angle of 
attack  for  zero l i f t  about 0.4' throughout  the Mach  number range ( f ig .  g ( b ) )  
but,  except  for  modification 4, had l i t t l e   e f f e c t  on the  average  lift-curve 
slope  (fig. 14(  c )  ) . Modification 4, probably  because of the more s ignif  - 
icant  plan-form change, produced consistently  higher  l if t-curve  slopes 
over the  speed  range. 

A t  high  subsonic Mach numbers the pitching-moment curves ( f ig .  9( c )  ) 
indicate a range of neut ra l   s tab i l i ty  with possible  pitch-up  tendencies 
for  modifications 4 and 6 a t  l i f t  coefficients  greater  than  0.4. The 
chordwise fences  for  the  basic  (plain)  leading-edge wing were unaltered 
fo r  this par t  of the  investigation and, therefore,  did  not  begin a t  the 
leading edge of the wings with  modification 4, 5 ,  or 6. For the  elevator- 
def lect ion  tes ts ,   the  chordwise fences were extended to  the  leading edge 
of the  modified wing but there was no imuprovement i n  the neu t r a l   s t ab i l i t y  
region. (See figures  =(a),  12(b), and U ( c ) . )  Thus, the neutral  sta- 
bi l i ty   for   modif icat ions 4 and 6 appears t o  be  an e f fec t  of camber, and 
the chordwise  fence  used was not  adequate.  Effects of the  modifications 
on the  s ta t ic   longi tudinal   s tabi l i ty   parameter  were s m a l l  and consisted 
primarily of s l i gh t  decreases in   s tabi l i ty   for   the  modif icat ions 5 and 
6 ( f ig .   14(c) ) .  

Modif icatfons 5 ,  5(a) ,  and 6. - The change i n   p l a n  form (modifica- 
t i on  5(a)) which decreased  the  airfoil-section  thickness  ratio and wing 
aspect   ra t io  produced  drag  reductions  throughout most of the t e s t  range 



12 1 NACA RM SL54K29 

as compared w i t h  the basic  configuration  (fig.   lO(a)).  A t  Mach numbers 
above 1.0, the influence of the plan-form change was  increased  since a t  
supersonic  speeds the drag is  proportional  to the airfoi l -sect ion  thick-  
ness  ratio  squared. The transonic  drag  rise  decrease a t  low l i f t  coeffi-  
c ients  (see f i g .  l5(a))  indicated that the plan-form change reduced  the 
low-lift  drag  penalty  associated  with camber. Camber alone was apparently 
responsible  for most of the drag  reduction a t  l i f t  coefficients above 0.2. 
Modification 5(a) increased  the maximum l i f t -d rag   r a t io  over  the  basic 
configuration  only  about 5 percent as compared w i t h  approximately 16 t o  
25 percent  for  modifications 5 and 6 ( f ig .  15(b) ) . 

In  order  to  indicate  the  effectiveness of the more successful cambers, 
the  theoretical   best   possible maximum lift-drag r a t i o  and the  value  for 
no leading-edge  suction  for  the wing with the uncambered leading-edge  exten- 
sion  (modification 5(a))  have been added t o  figure l5(b)  fo r  comparison. 
Theoretical  values of the maximum l i f t -d rag   r a t io  were computed from 

(L/D)mm = where K (drag-due-to-lif t   factor)  for fu l l  leading- 

edge suction w a s  .taken as I fo r  subsonic  speeds and obtained from ref- 

erence 10 for  supersonic  speeds. For no leading-edge  suction K was 
fiA 

assumed equal t o  I . A t  subcr i t ica l  speeds,  the maximum l i f t -drag  
& 

5 7 . 3 r  u 

r a t io s   fo r  the cambered leading-edge  configurations  (especially  modifica- 
t ion  5)  were very  near  the  theoretical maximum. This result i l l u s t r a t e s  
the effectiveness of this type of camber and indicates  that   large  addi- 
tional  drag-due-to-lift  reductions  could  not be  expected by altering  these 
modifications. A t  the  higher  speeds,  the cambered w i n g s  produced about 
50-percent fu l l  leading-edge  suction  or  approximately  three  times as much 
as that for  the  plain  leading-edge wing of the same plan form. 

There were no s ignif icant  changes i n  the l i f t  character is t ics  of the 
basic model  due t o  the change in   p lan  form (.figs . 10 (b ) and 15 (c ) ) . 

The pitching-moment curves  (fig.  1O(c)) show a region of neutral  sta- .", 
b i l i t y   f o r  uncambered modification  5(a) similar t o  that f o r  the cambered 
modification 6. It is  believed that the decrease of s t a b i l i t y   f o r  modi- 
f icat ion  5(a)  was associated  with the chordwise fences  not  extending to   the  
leading edge; extending  the  fences  woad  probably  provide  adequate  stability. 
Extension of the wing leading edge moved the  center of pressure  forward and ' ,  

resu l ted   in  a .Ol?C' forward shift in   the  aerodynamic-center  location  for 
modifications 5, 5(a) ,  and 6 ( f ig .   15(c) ) .  . .  
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Effects of Tip Modifications 
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Increased  pitching moment  may be obtained  for a control  surface of 
a given  type and location by increasing  the  control-surface  deflection 
or by increasing the control  surface  area,  both of which have an  approxi- 
mately  linear  variation  with  pitching moment. Inasmuch as the  drag  varfes 
as a l inear  function of control  area and as  the  square  with  control  deflec- 
t ion,  it follows that increasing  the  control  area  in some manner should 
have a favorable  effect on the drag  penalty  paid  for a given  pitch  incre- 
ment. For this  reason  f ixed  deflection  t ip  modifications which, i n   e f f e c t ,  
increased  the  control  surface  area were proposed as a means of reducing 
the trim drag of the F-102 configuration. 

The faired  data  for  modification A with it = 0' were essent ia l ly  
the same as the  basic  configuration  data.  Therefore,  in  order  to  simplify 
the  figures,  modification A with  it = Oo has  been  used as the basis 

f o r   t i p  comparisons. 

The data of figures l l ( a )  and l l (c )   ind ica te   tha t   the   t ips  produced 
sizable  posit ive increments of pitching moment with  only small increases 
i n   g a g .  These drag  increases were equal to  or  usually  smaller  than  the 
drag  penalty  produced by equal  pitch  increments  obtained by elevator 
deflections  (see  ref.   2);   therefore,   decreases  in trim drag  should be 
realized from these  t ip  modifications.   In  order  to  indicate  the  effec- 
tiveness of each t i p ,  it was assumed there was no interference between 
the   t ips  and elevators and the  trim  drag  reduction produced by t h e   t i p  
modifications was calculated  for  the  configuration of reference 2. These 
calculations  indicated  that  modification A w i t h  a deflection of approxi- 
mately -loo was  optimum i f  emphasis i s  placed on the  cruise and high- 
a l t i t ude  performance of the F-102 airplane.  Reductions i n   t h e  trim drag 
coefficient  as  high  as  approximately 0.004 were indicated a t  a Mach  num- 
ber of 0.6 a t  an a l t i tude  of 40,000 fee t   ( f ig .  16) .  

There were no unusual  effects of the  tip  modifications On the  aero- 
dynamic parameters of the  basic  configuration. (See f i g s .   l l ( a ) ,  ll(b), 
and l l ( c ) . ) .  

Effects of Elevator  Deflection 

Limited  elevator-deflection  tests were made on a configuration  incor- 
porating  the same wing leading edges as  modification 6 and t i p   t r a i l i n g  
edges deflected loo upward about the  elevator  hinge  line  extended. These 
wing modifications were selected as optimum by the  contractor from aero- 
.dynamic and structural  considerations.  .This  configuration is referred t o  
hereinafter as the "modified w i n g  configuration" and is  compared with  the 
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original  model of reference 2 which had p la in  
This comparison was made in   o rder   to   ind ica te  
drag which. have been obtained w i t h  respect   to  
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leading  edges and t i p s .  
the  overall   reductions  in 
the or ig ina l  model. ~. 

Drag.- As would be  expected fcom previous  discussion of the cambered :: 

leading edges  and deflected  t ips,  use of the  modified wing with  elevators 
undeflected resulted i n  s m a l l  increases   in  minimum drag  coefficient and 
appreciable  decreases i n  drag a t  l i f t ing  condi t ions as eompared with  the 
basic  plain wing configuration. (Compare f ig s .  12 and 9(a) . )  

Trimmed l i f t -drag   po lars   for  the modified wing  configuration are 
compared w i t h  similar polars  for  the  configuration of  reference 2 i n   f i g -  
ure 17. Although it must be considered that the present model had an 
improved canopy and nose which reduced  the  transonic  zero-lift  drag  rise 
approximately 0.002 as compared w i t h  the model of  reference 2, it is  
readily  apparent  that, the trimmed t o t a l  drag  for  the  present model has 
been significantly  reduced  at  all Mach numbers tested;  increases of approx- 
imately 32 percent   in  trimmed maximum l i f t -drag   ra t io  are indica ted   in   f ig -  
ure 18. Although the cambered leading edges and def lected  t ips  have 
resu l ted   in   l ess   d rag  due t o  trim f o r  the present  configuration  as com- 
pared wi th  the model of  reference 2, it is indicated  in   f igure 17 that 
the  drag  penalty  for trFurming the airplane is st i l l  sizable a t  l i f t , c o e f -  
f i c i en t s  above 0.2. 

The e f fec ts  of the wing modifications on the various components com- 
pr i s ing   the   to ta l  trimmed drag   for   l eve l   f l igh t  of the F-102 airplane a t  
an a l t i tude  of 40,000 f e e t   f o r  a wing loading of 35.4 pounds per  square 
foot  (corresponding t o  l i f t  coefficients  varying from 0.36 a t  M = 0.6 
t o  0 .1  a t  M = 1.14) are   indicated  in  figure 19. The minimum drag has 
been adversely  affected by the  modifications  while the drag due t o  l i f t  
and drag due t o  trim have both been  reduced, the  largest  reduction  being 
i n  drag due t o  trim. These data  indicate that ,  even with possible 
decreases i n   t h e   e f f e c t s  of the  modifications due to   fu l l - sca le  Reynolds 
numbers, appreciable  increases i n  maximum speed,  range, and a l t i tude  
should be realized by application of the  modifications t o  the airplane. 

L i f t . -  The l i f t  curves  for  the  various  elevator  deflections were - 
generally  linear  over  the l i f t  range  covered i n  this investigation. The 
l if t-curve  slope  increases from 0.046 a t  a Mach  number of 0.60 t o  a peak 
of 0.056 a t  a Mach  number df 1.0 for   the  model with  the  elevators unde- 
fleeted.  Trimming the configuration reduced the  l if t-curve  slope  as much 
as 10 percent t o  30 percent  (f ig.  20). As stated  in   reference 2, this 
large  reduction was due to   the   l a rge  loss of l i f t  incurred when the  ele- 
vators, which comprise  about 10 percent of the w i n g  area, are deflected 
upward to   ob ta in  trim. The t rhned  l i f t -curve  s lopes  for   the  modif ied 
wing configuration were approximately 10 percent  higher  than  those  for 
the  configuration of reference 2. 
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Pitching moment.- As previously  stated,  the chordwise fences were 
extended to  the  leading edge of the wing for  these  elevator-deflection 
tests,  but  the  region of neutral   s ta t ic   longi tudinal   s tabi l i ty   indicated 
for  modification 6 was not changed (f ig .   12) .   In   the t r i m  l i f t  range, 
however, the pitching-moment curves were general ly   l inear   a t  all elevator 
deflections. 

The value of s ta t ic   longi tudina l   s tab i l i ty  parameter bCm/bC, f o r  

the  modified wing conf igura t ion   in   l eve l   f l igh t   a t  40,000 feet   varied 
from -0.075 a t  a Mach  number of 0.60 t o  about -0.180 a t  a Mach  number 
of 1.14; thus, a rearward s h i f t  of the  aerodynamic-center  location of 
about 11 percent of the mean aerodynamic chord ( f ig .  21) w a s  indicated. 
The wing modifications &id not change the magnitude of t h i s   sh i f t ,   bu t  
they  did  cause  the  shift  to be much  more gradual  over  the Mach number 
range as compared with  the model with  the  plain wing. 

The elevator  pitch  effectiveness  parameter aCm/& was measured 
a t  constant l i f t  coefficient and was averaged  over  the  elevator-deflection 
range fo r  l i f t  coefficients from 0 t o  0.4 ( f i g .  21) .  The elevator  pitch 
effectiveness  for  the modified wing configuration  reached a peak a t  a 
Mach  number of about 0.90 but  then  decreased 35 percent as the Mach  num- 
ber  increased  to 1.0. The character is t ics  were similar t o  those  indi- 
cated  for  the model of reference 2. 

CONCLUSIONS 

Wind-tunnel t e s t s  conducted t o  determine  the  effects of several 
leading-edge camber  and deflected  tip  modifications on the aerodynamic 
character is t ics  of a 1/20-scale model of the Convair F-102 a i rp lane   a t  
transonic  speeds  indicated  the  following  conclusions: 

1. Small amounts of constant-chord  leading-edge camber obtained by 
vertically  sl iding  the  thickness  distribution until the lower surface 
was approximately f l a t  over  the  forward (3.9 percent of the mean aero- 
dynamic chord)  portion of the wing were ineffective  in  reducing  the  drag 
due t o  l i f t  at  transonic  speeds. 

2.  Leading-edge modifications  with  relatively  large amounts of cam- 
ber  designed from linearized  theory  to  support   nearly  ell iptical   span 
load   d i s t r ibu t ions   a t   l i f t   coe f f i c i en t s  of 0.15 and 0.22 near a Mach 
number of 1.0 produced sizable  reductions i n  drag a t  l i f t ing  condi t ions.  
These modifications, which also required  extension of the  leading  edge, 
were responsible  for a i6- t o  25-percent  increase i n   t h e  maximum l i f t -  
drag r a t i o  over  the  speed  range. 
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3.  The change i n  w i n g  plan form required  for  application of a l inear -  ?; 
8.5 I 

ized  theory camber reduced the drag s l igh t ly  over  the l i f t  range  and was 
responsible  for 5 percent of the 16- t o  25-percent  increase i n   t h e  maximum : 
l i f t -d rag   r a t io .  , .  

4. Deflected t i p  modifications produced s m a l l  reductions i n  .the trim .? 

1 

I .  

_ *  

drag.  Tip t r a i l i n g  edges  deflected  about  the  elevator hinge l ine  extended . 
to   an  angle of approximately -10' appeared t o  be optimum. 

5: Leading-edge camber designed from linearized  theory  for a l i f t  
coefficient of 0.15.near a Mach  number of 1.0 i n  conjunction  with t i p  
t r a i l i n g  edges  deflected upward loo about the  elevator  'hinge  line  extended 
produced large  reductions  in  drag due t o  trim and  drag due t o  l i f t .  The 
maximum trimmed l i f t -d rag   r a t io s  of the  basic  configuration were increased 
about 32 percent  over  the  speed range by these  modifications. 

6. There  were, i n  general, no s ignif icant  changes in ' l i f t   cha rac t e r -  
i s t i c s  due t o  any of the leading-edge and t i p  modifications. 'The pitching- 
moment data indicated that, f o r  adequate s t ab i l i t y ,  wings cambered 
according to   l inear ized  theory would require '  a different  type of fenc.e 
than a plane  delta wing. 

Langley Aeronautical  Laboratory, 
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TABU I.- GEOMETRIC CHARACTERISTICS OF VARIOUS W I N G  MODIFICATIONS 

Configuration 

Modification 1 
Modification 2 
Modification 3 
Modification 4 
Modification 5 
Modification 5a 
Modification 6 
Modification A 
Modification B 
Modified Wing 

rype of Modification Wing area~ I sq f t  

Leading- edge camber 

1 715 Leading-  edge  camber 
1.715 Leading-  edge extended 
1 *715 Leading- edge camber 
1 7-13 Leading- edge camber 
1.625 Leading- edge camber 
1.625 Leading- edge camber 
1.623 

Til ,  
1.625 Tip 
1.625 

Leading- edge camber 1 71> 
and t i p  

E ,  in.  

13 755 
13 * 755 
13 9 755 
13.622 
14.146 
14.146 
14.146 
13 755 
13.755 
14.146 

Aspect 
ra t io  

2.2 
2.2 
2.2 
2.1 
2.1 
2.1 
2.1 
2.2 
2.2 
2.1 

- 
Leading-edge 

sweep 

60' 
60' 
60' 

60° 
60° 
60' 
60' 
60' 
60° 

57 69O 

Fence 

Basic 
Basic 
Basic 
Basic 
Basic 
Basic 
Basic 
Basic 
Basic 

Extended 
basic 
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TABU I1 . . DIMENSIONS OF THE 1/20-SCALF: MODEL OF THE 

CONVAIR F-102 AIRPIAYE 

Basic (plain)  wing: 
Airfoil   section . . . . . . . . . . . . . . .  NACA 0004-65 
Total  area. sq f t  . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  
Incidence. deg . . . . . . . . . . . . . . . . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . .  
Longitudinal  location of center of 

gravity.  percent c' . . . . . . . . . . . . . . . . . . .  
Vertical  location of the  center of 

gravity above the wing chord. percent E . . . . . . . . .  
Elevator  area back of the  hinge  line. sq f t  . . . . . . . .  

(modified) . . 1.625 . .  2.2 . .  0 . .  0 . .  0 

. . 27.5 

. . 3.6 . . 0.166 

Ver t ica l   t a i l :  
Airfoil   section . . . . . . . . . . . . . . .  NACA 0004-65 (modified) 
Exposed area. sq f t  . . . . . . . . . . . . . . . . . . . . . .  0.1704 
Aspec t ra t io  . . . . . . . . . . . . . . . . . . . . . . . . .  1.1 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Fuselage : 
Frontal  area  (without canopy). sq f t  . . . . . . . . . . . . .  0.075 
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  8.2 
Projected  inlet   area  a t  a = Oo. sq f t  . . . . . . . . . . . . .  0.0111 
Duct exit  area  (excluding sting). sq f t  . . . . . . . . . . . .  0.0196 

. " " 
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Figure 1.- Model detai ls .  All dimensions are i n  inches unless otherwise 
noted. 
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(a)  Modifications 1, 2 ,  3 ,  and 4. 

Figure 2.- Dimensional  details  of  leading-edge  modifications. All dimensions 
are in inches  unless  otherwise  noted. Plan form and streamwise  airfoil , 

sections  are  not to same  scale. 
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(b) Modifications 5, 5a, and 6. 

Figure 2. - Concluded. 
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Figure 3 . -  Dimensional  details of tip  modifications. All dimensions are 
in inches un less  otherwise  noted. 
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Figure 4 .- Variation  with Mach number of t e s t  Reynolds number based on 
the  various mean aerodynamic chords. 



Mach number, M 
Figure 5.- Comparison of the  transonic  drag  r ise of the basic  configuration 

used i n  the investigation  with  the  estimate  for an exact  1/20-scale model. 

I 



I 

Figure 6.- Vaxiation with Mach number of the l i f t  coefficient  required 
f o r  l eve l   f l i gh t  at several   a l t i tudes  for  a wing loading of 35.4 pounds 
per  square  foot. 
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Figure 7.- Mass-flow ra t io s  and internal. drag coeff ic ients   for   the  basic  
configuration with 0' elevator  deflection. 



Figure 8.- Effects  of  leading-edge  modifications on the   force  and moment 
c h a r a c t e r i s t i c s  of the  basic  configuration.  Modifications 1 t o  3 .  
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Figure 8.- Continued. 
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Figure 8 .  - Concluded. 



Figure 9.- Effects of leading-edge  modifications on the  force and moment 
character is t ics  of the  basic  configuration.  Modifications 4 t o  6. 



(b) Lift. 

Figure 9 .- Continued. 
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(c ) Pitching moment. 

Figure 9.- Concluded. 



Figure 10.- Effects  of p l an  form change on the  force and moment character- 
i s t i c s  of the  basic  configuration. 



(b) Lift. 

Figure 10 .- Continued. 
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Figure 10. - Concluded. 
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1 Figure 11.- Force and moment character is t ics  of the  wing-tip  modifications. 
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Figure 11. - Continued. 
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(c)  Pitching moment. 

Figure 11. - Concluded. 
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Figure 12.- Force and moment characterist ics of the modified wing  model 
with various  elevator  deflections. 
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Figure 12. - Continued. 
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Figure 12.- Continued. 
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(a) M = 1.025 and 1.075. 

Figure 12. - Continued. 
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(e) M = 1.140. 

Figure 12. - Concluded. 
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(a) D r a g  character is t ics   a t   several  l i f t  coefficients.  

Figure 13.- Effects of leading-edge  modifications 1, 2, and 3 on aero- 
dynamic parameters  'of  the  basic  configuration.  Internal  drag removed. 
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(b) Maximum l i f t -drag  ra t io   chasacter is t ics .  

Mach number, M 

(c)  Lift-curve slope and s ta t ic   longi tudina l   s tab i l i ty .  

Figure 13.- Concluded. 
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(a) D r a g  characterist ics at several l i f t  coefficients.  

Figure 14.- Effects of leading-edge  modifications 4, 5 ,  and 6 on aero- 
dynamic parameters of the  basic  configuration.  Internal drag removed. 
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Figure 14.- Concluded. 
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(a) D r a g  character is t ics  at several  l i f t  coefficients.  

Figure 13.- Effects of plan-form change on aerodyn+c parameters of the 
basic  configuration.  Internal drag removed. 
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Figure 15.- Concluded. 
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Figure 16.- Variation  with  tip  deflection of the t r i m  drag  reduction 
the  tip  modifications  tested. 
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Figure 17.- Trimmed lift-drag polars  compared f o r  the Convair F-102 with 
and without-wing  modifications.  lhternal drag removed. 
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Figure 18.- Maximum trimmed l i f t -drag   ra t io   charac te r i s t ics  compared for 
the Convair F-102 with and without wing modifications.  Internal drag 
removed. 
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Mach number, M 

Figure 19.- Drag-coefficient breakdown compared f o r  the Convair F-102 
with and without wing modifications  for trimmed l e v e l   f l i g h t  at 
40,000 fee t   for  a wing loading  of 35.4 pounds per  square  foot. 
Internal  drag removed. 
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Modified wing, trimmed 
"- - Modified wing, 8=Oo 

-Plain L.E. and tip,  trimmed  (ref. 2) 
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Figure 20.- Lift-curve  slopes compared f o r  the Convair F-102 with and 
without wing modifications. 
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Figure 21.- The  trinnned longitudinal-stability  parameter at an  altitude 
of 40,000 feet  and the average  elevator pitch effectiveness parameter 
compared f o r  the Convair F-102 with and without wing modifications. - 
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